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Japanese Publication number : 08-214164 A 

microscope. The gradation amendment approach and equipment by this invention can 
obtain not only the class of playback image but the gradation curve considered as a request. 
[0053] 

[Effect of the Invention] As explained to the detail above, the gradation amendment 
approach and equipment by this invention Since the point corresponding to the image 
concentration which the maximum density and the least concentration of a gradation curve 
after amendment have in the range of request maximum density and the request least 
concentration, and is considered as a request serves as the concentration and contrast 
which are considered as a request even if it amends a basic gradation curve, If gradation 
processing is performed to a picture signal with this gradation curve and this is reproduced, 
it will be reproduced by the concentration and contrast which are considered as a request, 
and a playback image can obtain the playback image of the gradation considered as a 
request. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the outline of the gradation amendment approach 
by this invention, and equipment 

[Drawing 2] Drawing showing an example of radiation image photography equipment 
[Drawing 3] Drawing showing an example of a radiation image reader 
[Drawing 4] Drawing showing a basic gradation curve 

[Drawing 5] Drawing for explaining telescopic motion of a basic gradation curve 

[Drawing 6] Drawing for explaining migration of a basic gradation curve 

[Drawing 7] Drawing for explaining rotation of a basic gradation curve 

[Drawing 8] Drawing for explaining weighting addition of the basic gradation curve 

expanded and contracted and the basic gradation curve which rotated 

[Drawing 9] Drawing showing the weighting multiplier of weighting addition 

[Drawing 10] Drawing for explaining the decision approach of a weighting multiplier 

[Drawing 1 1] Drawing for explaining the decision approach of a weighting multiplier 

[Drawing 12] Drawing showing the gradation curve which the output concentration value 

reversed 

[Drawing 13] Drawing showing the gradation curve which amended the reversed 
concentration value 

[Drawing 14] Drawing showing the gradation curve which amended the reversed 
concentration value 

[Drawing 15] Drawing for explaining amendment of the conventional gradation curve 
[Drawing 16] Drawing for explaining amendment of the conventional gradation curve 
[Drawing 1 7] Drawing for explaining amendment of the conventional gradation curve 
[Drawing 18] Drawing for explaining amendment of the conventional gradation curve 
[Drawing 19] Drawing for explaining amendment of the conventional gradation curve 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the gradation amendment approach in the image recording playback 
approach which carries out record playback as a visible image with the gradation which 
considers as a request the picture signal which supports image information based on the 
gradation curve which obtains the gradation curve which amends the basic gradation 
curve used as criteria, and is considered as a request, and is considered as this request 
In the signal level-concentration system of coordinates which consist of the 
concentration shaft and signal level shaft which took the concentration of said good 
visual image on one shaft of rectangular coordinates, and took the level of said picture 
signal on the shaft of another side The least concentration and maximum density of said 
basic gradation curve expand and contract this basic gradation curve in accordance with 
said concentration shaft so that it may become the request least concentration and 
request maximum density. It centers on the point corresponding to said request 
concentration on the basic gradation curve which was made to move this basic gradation 
curve in parallel with said concentration shaft so that the point corresponding to the 
predetermined concentration on the this basic gradation curve expanded and contracted 
may serve as concentration considered as a request, and was this moved. Predetermined 
include-angle rotation of this basic gradation curve is carried out so that this point may 
serve as contrast considered as a request. So that the least concentration and maximum 
density of the this basic gradation curve which rotated may turn into said request least 
concentration and said request maximum density, respectively and the point 
corresponding to said predetermined concentration may serve as the concentration and 
contrast which are considered as said request The gradation amendment approach 
characterized by obtaining the gradation curve considered as a request by adding said 
basic gradation curve expanded and contracted and said basic gradation curve which 
rotated with weight with a predetermined weighting multiplier. 

[Claim 2] The gradation amendment approach according to claim 1 characterized by 
setting up said predetermined weighting multiplier so that said request gradation curve 
may touch said basic gradation curve which rotated smoothly at the point corresponding 
to said request concentration. 

[Claim 3] The gradation amendment approach according to claim 1 or 2 characterized by 
setting up said predetermined weighting multiplier so that said request gradation curve 
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may touch smoothly said basic gradation curve expanded and contracted at the point 
corresponding to said request least concentration and said request maximum density. 
[Claim 4] The gradation amendment approach according to claim 1 , 2, or 3 characterized 
by for said basic gradation curve choosing one basic gradation curve among those with 
two or more, and these two or more basic gradation curves, and performing telescopic 
motion of one this chosen basic gradation curve, migration, rotation, and weighting 
addition. 

[Claim 5] The gradation amendment approach of four given in any 1 term from claim 1 
characterized by repeating telescopic motion of this basic gradation curve, migration, 
rotation, and weighting addition by making said request gradation curve into said basic 
gradation curve. 

[Claim 6] In the gradation compensator in the image recording regenerative apparatus 
which carries out record playback as a visible image with the gradation which considers 
as a request the picture signal which supports image information based on the gradation 
curve which obtains the gradation curve which amends the basic gradation curve used as 
criteria, and is considered as a request, and is considered as this request In the signal 
level-concentration system of coordinates which consist of the concentration shaft and 
signal level shaft which took the concentration of said good visual image on one shaft of 
rectangular coordinates, and took the level of said picture signal on the shaft of another 
side The least concentration and maximum density of a basic gradation curve which were 
memorized by a basic gradation storage means to memorize the basic gradation curve 
used as criteria, and this basic gradation curvilinear storage means A flexible means to 
expand and contract this basic gradation curve in accordance with said concentration 
shaft so that it may become the request least concentration and request maximum 
density. The migration means to which this basic gradation curve is moved in parallel with 
said concentration shaft so that the point corresponding to the predetermined 
concentration on the basic gradation curve expanded and contracted by this flexible 
means may serve as concentration considered as a request, It centers on the point 
corresponding to said request concentration on the basic gradation curve moved by this 
migration means. A rotation means to carry out predetermined include-angle rotation of 
this basic gradation curve so that this point may serve as contrast considered as a 
request. So that the least concentration and maximum density of a basic gradation curve 
which were rotated with this rotation means may turn into said request least 
concentration and said request maximum density, respectively and the point 
corresponding to said predetermined concentration may serve as the concentration and 
contrast which are considered as said request The gradation compensator characterized 
by consisting of a weighting addition means to add said basic gradation curve expanded 
and contracted and said basic gradation curve which rotated with weight with a 
predetermined weighting multiplier. 

[Claim 7] The gradation compensator according to claim 6 characterized by being a 
means to set up said predetermined weighting multiplier so that said weighting addition 
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means may touch said basic gradation curve which rotated smoothly at the point 
corresponding to said request concentration. 

[Claim 8] The gradation compensator according to claim 6 or 7 characterized by being a 
means to set up said predetermined weighting multiplier so that said weighting addition 
means may touch smoothly said basic gradation curve expanded and contracted at the 
point corresponding to said request least concentration and said request maximum 
density. 

[Claim 9] The gradation compensator according to claim 7, 8, or 9 characterized by said 
basic gradation curvilinear storage means being a means which memorized two or more 
basic gradation curves. 

[Claim 10] A gradation compensator given [ claim / 6 / carry out having had further the 
control means which establishes further a request gradation storage means memorize 
said request gradation curve, inputs into said flexible means the request gradation curve 
memorized by this request gradation storage means, and repeats again in telescopic 
motion by said flexible means, migration by said migration means, the rotation by said 
rotation means, and the weighting addition by said weighting means as the description / 
nine ] in any 1 term. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In case it reproduces as a visible image based on the gradation 
curve which considers the picture signal which supports image information as a request, 
this invention relates to the gradation amendment approach and equipment which obtain 
the gradation curve which amends the gradation curve used as criteria and is considered 
as a request so that this visible image may be reproduced by the image of legible gradation 
according to the purpose. 
[0002] 

[Description of the Prior Art] Photosensitive material is exposed with the light modulated 
based on the picture signal, and the image recording equipment which carries out playback 
record of the image is used for this photosensitive material in various fields. 
[0003] For example, an X-ray picture is recorded using a film with the low gamma value 
designed so that a next image processing might be suited. By reproducing a visible image 
on a sensitive film using an image recording regenerative apparatus, after reading an 
X-ray picture in the film with which this X-ray picture was recorded, changing into an 
electrical signal and performing an image processing to this electrical signal (picture 
signal) The system which can obtain the good playback image of image quality engine 
performance, such as contrast, sharpness, and graininess, is developed (refer to 
JP,61-5193,B). 

[0004] Moreover, if radiations (an X*ray, alpha rays, beta rays, a gamma ray, an electron 
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ray, ultraviolet rays, etc.) are irradiated, a part of this energy of radiation will be 
accumulated by these people. The accumulative fluorescent substance (photostimulable 
phosphor) in which accelerated-phosphorescence luminescence is shown according to the 
energy accumulated when excitation light, such as the light, was irradiated after that is 
used. Photography record of the radiation image of the photographic subject of the body etc. 
is once carried out at an accumulative sheet-like fluorescent substance. Scan this 
accumulative fluorescent substance sheet with excitation light, such as laser light, and 
accelerated-phosphorescence luminescence light is made to produce. The obtained 
accelerated -phosphorescence luminescence light is read in photoelectricity, a picture signal 
is acquired, and the radiation image recording regeneration system which outputs the 
radiation image of a photographic subject as a visible image on a sensitive film based on 
this picture signal using an image recording regenerative apparatus is already proposed 
(JP,55 12429,A etc.). 

[0005] In the system mentioned above, the gradation amendment pattern which is a 
concentration-picture signal conversion pattern which is adapted for the object photoed 
beforehand and each purpose is created, and gradation processing is performed in many 
cases by performing signal transformation processing according to this pattern to the 
picture signal which supports image information. 

[0006] However, in creating the gradation correction curve according to a various 
photography object and the various various purposes in the above-mentioned gradation 
processing, about dozens of kinds of this gradation correction curve are needed, and the 
storage capacity of the rough data collection effort for creating this gradation correction 
curve, the computer for carrying out digital conversion and making it memorize, etc. will 
become huge, and cannot say it as a practically simple approach. 

[0007] For this reason, in the signal level-concentration coordinate which took the 
concentration of this visible image on one shaft of rectangular coordinates, and took the 
level of this picture signal on the shaft of another side, the gradation curve used as criteria 
is created and the gradation amendment approach of obtaining rotation and the desired 
gradation curve carrying out a parallel displacement and corresponding to predetermined 
image information and the predetermined purpose is proposed in this curve focusing on 
one on a curve in these system of coordinates. 

[0008] Moreover, in order to obtain various gradation curves as shown in drawing 15 and 
drawing 16, the gradation amendment approach of having made it change the overall 
concentration and the contrast of a criteria gradation curve so that it might become the 
gradation curve which has extent of the curve configuration and the formation of a form 
status change which the gradation curve used as criteria considers as a request is proposed. 
[0009] By this approach, as shown in drawing 17, a basic gradation curve (a continuous 
line shows) is made to expand and contract in accordance with an input picture signal 
shaft, as it is shown in drawing 18, after expanded and contracting in accordance with a 
concentration shaft (a broken line shows), contrast was changed, and the gradation curve 
considered as a request by this has been obtained. 
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[0010] Furthermore, as shown in drawing 19, some characteristic basic gradation is 
prepared, the thing near desired gradation out of it is chosen, and the method of obtaining 
the gradation considered as a request is proposed by changing whenever [ emphasis / of the 
selected gradation ] (extent of the knee condition of a gradation curve). Whenever 
[ emphasis / of gradation ] can be changed by this approach, without changing maximum 
density and the least concentration (JP,5-323750,A). 
[0011] 

[Problem(s) to be Solved by the Invention] In case the picture signal mentioned above was 
reproduced as a visible image, the request of wanting to obtain the image of the gradation 
considered as a request was large by adjusting the gradation curve amended by the 
gradation amendment approach, setting up the maximum density and the least 
concentration of a playback image, or changing the partial concentration and the contrast 
of a playback image. 

[0012] However, it sets to the approach of amending a gradation curve by adjusting the 
overall contrast and the concentration of a criteria gradation curve which were mentioned 
above. Since the maximum density and the least concentration of a gradation curve after 
amendment change upwards and partial amendment of a gradation curve cannot be 
performed, while making the image reproduced into the thing of the range of 
predetermined concentration The concentration and contrast of only a part of 
concentration which are considered as the request of an image were not able to be changed. 
Moreover, by the approach of fixing the maximum density and the least concentration of a 
gradation curve which were indicated by JP,5*323750,A mentioned above, and changing an 
overall knee condition of a gradation curve, although the maximum density and the least 
concentration of a gradation correction curve after amendment do not change, they were 
not able to change a part of concentration and contrast of a playback image. 
[0013] In view of the above-mentioned situation, this invention aims at offering the 
gradation amendment approach and equipment which can perform adjustment of partial 
concentration and contrast while it can set up the maximum density and the least 
concentration of a playback image. 
[0014] 

[Means for Solving the Problem] The gradation curve which the gradation amendment 
approach by this invention amends the basic gradation curve used as criteria, and is 
considered as a request is obtained. In the gradation amendment approach in the image 
recording playback approach which carries out record playback as a visible image with the 
gradation which considers as a request the picture signal which supports image 
information based on the gradation curve considered as this request In the signal 
level-concentration system of coordinates which consist of the concentration shaft and 
signal level shaft which took the concentration of said good visual image on one shaft of 
rectangular coordinates, and took the level of said picture signal on the shaft of another 
side The least concentration and maximum density of said basic gradation curve expand 
and contract this basic gradation curve in accordance with said concentration shaft so that 
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it may become the request least concentration and request maximum density. It centers on 
the point corresponding to said request concentration on the basic gradation curve which 
was made to move this basic gradation curve in parallel with said concentration shaft so 
that the point corresponding to the predetermined concentration on the this basic 
gradation curve expanded and contracted may turn into a point corresponding to the 
concentration considered as a request, and was this moved. Predetermined include-angle 
rotation of this basic gradation curve is carried out so that this point may serve as contrast 
considered as a request. So that the least concentration and maximum density of the this 
basic gradation curve which rotated may turn into said request least concentration and 
said request maximum density, respectively and the point corresponding to said request 
concentration may serve as the concentration and contrast which are considered as said 
request It is characterized by obtaining the gradation curve considered as a request by 
adding said basic gradation curve expanded and contracted and said basic gradation curve 
which rotated with weight with a predetermined weighting multiplier. 

[0015] Here, a gradation curve is a characteristic curve showing correspondence of the 
picture signal level which carried out photo electric conversion of the brightness of the 
photographic subject over the optical density of the last playback image, and it is usually 
used in the field treating an image. 

[00 16] Moreover, the gradation compensator by this invention is for enforcing the 
above-mentioned approach. In the gradation compensator in the image recording 
regenerative apparatus which carries out record playback as a visible image with the 
gradation which considers as a request the picture signal which supports image 
information based on the gradation curve which obtains the gradation curve which amends 
the basic gradation curve used as criteria, and is considered as a request, and is considered 
as this request In the signal level-concentration system of coordinates which consist of the 
concentration shaft and signal level shaft which took the concentration of said good visual 
image on one shaft of rectangular coordinates, and took the level of said picture signal on 
the shaft of another side The least concentration and maximum density of a basic 
gradation curve which were memorized by a basic gradation storage means to memorize 
the basic gradation curve used as criteria, and this basic gradation curvilinear storage 
means A flexible means to expand and contract this basic gradation curve in accordance 
with said concentration shaft so that it may become the request least concentration and 
request maximum density, The migration means to which this basic gradation curve is 
moved in parallel with said concentration shaft so that the point corresponding to the 
predetermined concentration on the basic gradation curve expanded and contracted by this 
flexible means may serve as concentration considered as a request, It centers on the point 
corresponding to said request concentration on the basic gradation curve moved by this 
migration means. A rotation means to carry out predetermined include-angle rotation of 
this basic gradation curve so that this point may serve as contrast considered as a request, 
So that the least concentration and maximum density of a basic gradation curve which 
were rotated with this rotation means may turn into said request least concentration and 
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said request maximum density, respectively and the point corresponding to said request 
concentration may serve as the concentration and contrast which are considered as said 
request It is characterized by consisting of a weighting addition means to add said basic 
gradation curve expanded and contracted and said basic gradation curve which rotated 
with weight with a predetermined weighting multiplier. 

[0017] Furthermore, in the above-mentioned approach and equipment, it is desirable to set 
up said predetermined weighting multiplier so that said request gradation curve may 
touch said basic gradation curve which rotated smoothly at the point corresponding to said 
request concentration, and it is still more desirable to set up said predetermined weighting 
multiplier so that said request gradation curve may touch further said basic gradation 
curve expanded and contracted smoothly at the point corresponding to said request least 
concentration and said request maximum density. 

[0018] Moreover, a storage means is made to carry out two or more storage of said basic 
gradation curve, one basic gradation curve is chosen among these two or more basic 
gradation curves, and it may be made to perform telescopic motion of one this chosen basic 
gradation curve, migration, rotation, and weighting addition. 

[0019] Furthermore, you may make it repeat telescopic motion of this basic gradation 
curve, migration, rotation, and weighting addition by making said request gradation curve 
into said basic gradation curve. 
[0020] 

[Function] The gradation amendment approach and equipment by this invention expand 
and contract this basic gradation curve so that the least concentration and maximum 
density of a basic gradation curve which are to the base which performs gradation 
amendment may turn into the request least concentration and request maximum density. 
The point corresponding to the predetermined concentration which should be made the 
object of observation of this basic gradation curve expanded and contracted This curve is 
moved and rotated so that it may become desired concentration and contrast. So that the 
least concentration and maximum density of a basic gradation curve which were rotated 
may turn into the request least concentration and request maximum density and the point 
corresponding to request concentration may serve as request concentration and contrast It 
is made to carry out weighting addition of the basic gradation curve expanded and 
contracted and the basic gradation curve which rotated with a predetermined weighting 
multiplier. And by amending a basic gradation curve by carrying out weighting addition so 
that the weighting multiplier of the basic gradation curve which the weighting multiplier 
of the basic gradation curve expanded and contracted in the point of the minimum level of 
the signal value of a gradation curve and a record level rotated in the point of 1 and 
request concentration may be set to 1 The gradation curve obtained turns into a curve on 
which maximum density and the least concentration have the contrast considered as the 
concentration which turns into request maximum density and the request least 
concentration, and the partial point corresponding to request concentration considers as a 
request, and a request. 
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[0021] Therefore, if a picture signal is reproduced as a visible image based on this request 
gradation curve, the point corresponding to the predetermined concentration which a 
playback image has in the range of the request least concentration and request maximum 
density, and is set as the object of observation will be reproduced by the contrast 
considered as the concentration and the request which are considered as a request. 
[0022] Moreover, since the gradation curve considered as a request according to the class of 
picture signal acquired by photography can be set up even if it is the case where the objects 
photoed [ image / the image obtained not only when reproducing the radiation image 
mentioned above, but by tomography, / electron microscope ] differ, the image of the 
gradation considered as a request is reproducible irrespective of the class of playback 
image. 

[0023] Moreover, as the basic gradation curve and the request gradation curve which 
rotated in the point of request concentration and/or the point of the request least 
concentration and request maximum density touch smoothly, the basic gradation curve 
and the basic gradation curve which rotated expanded and contracted by setting up a 
weighting multiplier will touch smoothly, and the visible image reproduced based on this 
gradation curve will become natural [ a visual impression ]. 

[0024] Furthermore, the width of face of selection of the basic gradation curve which 
should amend will spread by preparing two or more basic gradation curves, and choosing 
from two or more of these basic gradation curves the basic gradation curve which should 
carry out amendment. 

[0025] Moreover, since it can consider as the concentration and contrast which consider a 
request gradation curve as a request further by performing repeat amendment by making 
the amended request gradation curve into a basic gradation curve, the image reproduced 
by this amendment gradation curve becomes what was more suitable for observation. 
[0026] 

[Example] With reference to a drawing, the example of this invention is explained below. 
[0027] Drawing 1 is a block diagram explaining the outline of the gradation amendment 
approach by this invention, and equipment. As shown in drawing 1 , the gradation 
amendment approach and equipment by this invention In the signal level-concentration 
system of coordinates which consist of the concentration shaft and signal level shaft which 
took the concentration of a visible image on one shaft of rectangular coordinates, and took 
the level of a picture signal on the shaft of another side The least concentration and 
maximum density of a basic gradation curve which were memorized by a basic gradation 
storage means 1 to memorize the basic gradation curve used as criteria, and the basic 
gradation curvilinear storage means 1 A flexible means 2 to expand and contract a basic 
gradation curve in accordance with a concentration shaft so that it may become the request 
least concentration and request maximum density, The migration means 3 to which a basic 
gradation curve is moved in parallel with a concentration shaft so that the point 
corresponding to the predetermined concentration on the basic gradation curve expanded 
and contracted by the flexible means 2 may serve as concentration considered as a request, 



8/15 



Japanese Publication number : 08*214164 A 



It centers on the point corresponding to the request concentration on the basic gradation 
curve moved by the migration means 3. A rotation means 4 to carry out predetermined 
include-angle rotation of the basic gradation curve so that this point may serve as contrast 
considered as a request, So that the least concentration and maximum density of a basic 
gradation curve which were rotated with the rotation means 4 may turn into the request 
least concentration and request maximum density which were mentioned above, 
respectively and the point corresponding to request concentration may serve as the 
concentration and contrast which are considered as a request It consists of a weighting 
addition means 5 to add the basic gradation curve expanded and contracted and the basic 
gradation curve which rotated with weight with a predetermined weighting multiplier. 
The basic gradation storage means 1 mentioned above, the flexible means 2, the migration 
means 3, the rotation means 4, and the weighting addition means 5 amend a basic 
gradation curve, and the gradation curve 6 considered as a request is obtained. 
[0028] The outline of the gradation compensator by the example of this invention is 
explained below. 

[0029] Drawing 2 is drawing showing an example of radiation image photography 
equipment. 

[0030] Radiation 12a for which the radiation 12 was irradiated towards the photographic 
subject 13 of the body etc. from the radiation source 11 of this radiation image photography 
equipment 10 and which penetrated the photographic subject 13 When the accumulative 
fluorescent substance sheet 14 irradiates, are recording record of the transparency 
radiation image of a photographic subject 13 is carried out at a sheet 14. 
[0031] Drawing 3 is a perspective view showing an example of a radiation image reader. 
[0032] The accumulative fluorescent substance sheet with which are recording record of a 
radiation image was performed as mentioned above is set to the predetermined location of 
this radiation image reader. 

[0033] The accumulative fluorescent substance sheet 14 set to the predetermined location 
is conveyed in the direction of arrowhead Y by the sheet conveyance means 15, such as an 
endless belt driven by the driving means which is not illustrated, (vertical scanning), the 
mirror 21 after a reflective deviation being carried out by the rotating polygon 19 which 
drives the light beam 17 emitted from the laser light source 16 by the motor 18, and carries 
out high speed rotation at an arrowhead Z direction and, passing the focusing lenses 20, 
such as ftheta lens, by it on the other hand - an optical path - changing a sheet 14 " 
incidence ** carrying out ■■ the direction of vertical scanning (the direction of arrowhead Y), 
and abbreviation - horizontal scanning is carried out in the right-angled direction of 
arrowhead X. From the part where the light beam 17 of a sheet 14 was irradiated, the 
accelerated-phosphorescence luminescence light 22 of the quantity of light according to the 
radiation image information by which are recording record is carried out is emitted, and 
this accelerated-phosphorescence luminescence light 22 is drawn with lightguide 23, and is 
detected by the photomultiplier (photomultiplier tube) 24 in photoelectricity. Lightguide 22 
is incidence end-face 23a which fabricates light guide nature ingredients, such as an 
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acrylic board, is made, and makes the shape of a straight line. Injection end-face 23b which 
was allotted so that the horizontal-scanning line on the accumulative fluorescent 
substance sheet 14 might be met and it might extend, and was formed in the shape of a 
circular ring The light* receiving side of a photomultiplier 24 is combined, incidence 
end face 23a from - the accelerated-phosphorescence luminescence light 22 which carried 
out incidence into lightguide 23 — the interior of this lightguide 23 - total reflection 
repeating progressing - injection end-face 23b from ** it injects, light is received by the 
photomultiplier 24 and the accelerated-phosphorescence luminescence light 22 showing a 
radiation image is changed into an electrical signal by the photomultiplier 24. 
[0034] analog signal S outputted from the photomultiplier 24 -- logarithmic amplifier 25 
a logarithm it is inputted into back A/D converter 26 amplified- like, samples with the 
time interval corresponding to the predetermined sampling period on the accumulative 
fluorescent substance sheet 14, and is changed into the digital image data SI. Once this 
image data SI is memorized by the storage section 27, it is sent to an image processing 
system 28. 

[0035] This image processing system 28 connotes an example of the gradation compensator 
of this invention. That is, the basic gradation storage means 1 shown in drawing 1 
mentioned above, the flexible means 2, the migration means 3, the rotation means 4, and 
the weighting addition means 5 are connoted, and the input of the concentration from the 
input means 29, contrast, etc. performs processing in each means. 

[0036] Drawing 4 is drawing showing an example of the basic gradation curve memorized 
by the basic gradation storage means 1 of an image processing system 28. As shown in 
drawing 4 , the basic gradation curve Kl is set up in the signal level-concentration system 
of coordinates which consist of the concentration shaft and signal level shaft which took 
the concentration value of a visible image along the axis of ordinate, and took the level of a 
picture signal along the axis of abscissa, and obtains the gradation curve considered as a 
request by amending the basic gradation curve Kl shown in drawing 4 in this example. 
[0037] First, in the flexible means 2, telescopic motion of the basic gradation curve Kl is 
made. That is, as shown in drawing 5 , it is the maximum density Dmax of the basic 
gradation curve Kl. And the least concentration Dmin Request maximum density dmax 
inputted from the input means 29 And the request least concentration dmin The basic 
gradation curve Kl is expanded and contracted in accordance with a concentration shaft, 
and the basic gradation curve K2 expanded and contracted is obtained so that it may 
become. 

[0038] Subsequently, in the migration means 3, the basic gradation curve K2 is moved in 
parallel with a concentration shaft so that the point corresponding to the predetermined 
concentration on the basic gradation curve K2 expanded and contracted by the flexible 
means 2 may serve as concentration considered as a request. First, while inputting the 
concentration value DO corresponding to the image concentration considered as a request 
from the input means 29, the concentration DH of choice of this concentration value DO is 
inputted. The basic gradation curve K3 which movement magnitude deltaD for moving the 
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basic gradation curve K2 expanded and contracted based on this inputted concentration 
value DO and the concentration value DH of choice in the migration means 3 in parallel 
with a concentration shaft was calculated, was made to move the basic gradation curve K2 
expanded and contracted as shown in drawing 6 , and was moved is obtained. Moreover, 
the input approach of a concentration value is not restricted to this, and you may make it 
input difference deltaD of the concentration value DO and the concentration value DH of 
choice. 

[0039] Subsequently, in the rotation means 4, predetermined include-angle rotation of the 
basic gradation curve K3 moved so that it might become the contrast which this point 
considers as a request a core [ the point corresponding to the request concentration on the 
basic gradation curve K3 moved by the migration means 3 ] is carried out. That is, rotation 
deltaalpha of the basic gradation curve K3 first moved from the input means 29 is inputted. 
In the rotation means 4, deltaalpha rotation of the basic gradation curve K3 moved as 
shown in drawing 7 based on this inputted rotation deltaalpha is done a core [ the point P 
corresponding to request concentration ], and the basic gradation curve K4 which rotated 
is obtained. 

[0040] Subsequently, the least concentration and the maximum density of the basic 
gradation curve K4 which were rotated with the rotation means 4 in the weighting 
addition means 5 are the request least concentration dmin, respectively. And request 
maximum density dmax Weighting addition of the basic gradation curve K2 expanded and 
contracted and the basic gradation curve K4 which rotated is carried out with a 
predetermined weighting multiplier so that it may become and the point P corresponding 
to request concentration may serve as the concentration DH and the contrast which are 
considered as a request, namely, - if the gradation curve obtained by weighting addition 
with the basic gradation curve K2 expanded and contracted and the basic gradation curve 
K4 which rotated is made into K5 K5=WxK4+(lW) xK2 - (1) however - W: - the 
operation of a weighting factor should do - gradation curvilinear K5 is obtained. Here, 
what is shown in drawing 9 as an example of weighting-factor W is mentioned. And 
weighting-factor W is used in the weighting addition means 5, and it is a formula (l). The 
shown operation is made and gradation curvilinear K5 as shown in drawing 8 is obtained. 
[0041] Here, for weighting-factor W, the least concentration and maximum density of the 
basic gradation curve K4 which were rotated with the rotation means 4 are the request 
least concentration dmin, respectively. And request maximum density dmax It becomes. 
And so that the point P corresponding to request concentration may serve as the 
concentration DH and contrast which are considered as a request Near point P, the weight 
of the gradation curve K4 is large, and it is set up so that the weight of the gradation curve 
K2 may become large maximum density and near the least concentration. And it is set up 
so that gradation curvilinear K5 may touch the gradation curve K4 smoothly near point P, 
and the gradation curve K2 may be smoothly touched maximum density and near the least 
concentration and change of a weighting multiplier may continue. Thus, by changing a 
weighting multiplier continuously, the visible image reproduced based on the amended 
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gradation curve will become natural [ a visual impression ]. 

[0042] Here explains the approach of a setup of the weighting multiplier W. In addition, 
the concentration and contrast which explained and changed the example in the case of 
asking for a weighting factor using the 4th polynomial shall cover all the range of 
gradation 5, and shall do effect here. As shown in drawing 10, input digital value over the 
concentration of choice (DH) is set to (DHin), and each input digital value is set to x. At this 
time, weighting-factor W (x) is decided in the section of x<DHin and DHin<x, respectively. 
The determining condition of the weighting factor in each section is as follows. 
[0043] 

At the time of x<DHin DHin<x W(0) =0 .... 1. .. W(DHin) =1 W(DHin) = 1 .... 2. W(MAX) 
=0 W'(0) =0 .... 3. .. W'(DHin) =0 W'(DHin) =0 .... 4. .. W'(MAX) =0 W M (kl) =0 ..5... W" (k2) 
=0 (0<kl<DHin) (DHin<k2<MAX) 

Condition 5. for condition 3.4. for filling the influence of the gradation curve K4 of the 
gradation curve K2 to which the semantics of such conditional expression stated 1.2. 
previously to make smooth gradation is the conditions for the degree adjustment of effect 
which the changed concentration and contrast exert on gradation curvilinear K5. In the 
conditional expression of 5., if kl and k2 are made into the DHin side, the range where the 
influence of gradation curvilinear K5 is strong will become narrow. 

[0044] Although the concentration and contrast which were changed had affected all the 
range of gradation curvilinear K5 in this example, a setup of the weighting factor which 
limited the range where this effect reaches can also be performed. This example is 
explained using drawing 11. It is the range from LI and DHin to MAX about the range 
from 0 to now and DHin L2 It carries out. At this time, it is the range LI and L2. It asks for 
a multiplier with the narrower range, and a symmetrical multiplier is set up by DHin 
about the multiplier of another side. When setting up such a weight function and a change 
of contrast is made to the concentration of the part extremely near the minimum (max) 
concentration, the situation where the effect will attain to even the maximum (min) 
concentration side can be avoided, and local gradation can be changed. The weighting 
factor of drawing 9 shown previously is this example. 

[0045] Although the two above-mentioned examples are the approaches of asking for a 
multiplier using the 4th polynomial, the method of asking for a weighting factor is not 
restricted to this, and may use other polynomials, a trigonometric function, an exponential 
function, etc. 

[0046] Moreover, the count approach of basic gradation curvilinear K5 is not only 
weighting addition but [0047]. 
[Equation l] 
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[0048] ** a formula [ like ] is sufficient and it is good the anything which can change a 
synthetic ratio depending on an input value. 

[0049] Thus, if gradation curvilinear K5 considered as a request is obtained, based on 
gradation curvilinear K5 of an image processing system 28 smell lever, a picture signal SI 
is processed, and the processed picture signal S2 will be changed into the playback means 
30, such as a laser beam printer and CRT, and will be reproduced as a visible image in this 
playback means 30. 

[0050] In addition, gradation curvilinear K5 considered as the request called for in the 
example mentioned above is memorized for the storage means 27, and it may be made to 
perform processing in the flexible means 2 which mentioned this gradation curvilinear K5 
above as basic gradation, the migration means 3, the rotation means 4, and the weighting 
addition means 5. In this case, it is possible to amend so that it may become the 
concentration and contrast which consider the point of different level from the point 
corresponding to the Sadanobu Tokoro number level set up by the last amendment as 
amendment for the second time as a request. Moreover, if it is made to repeat the 
processing in this flexible means 2, the migration means 3, the rotation means 4, and the 
weighting addition means 5, the gradation curve near [ it is infinite to the gradation of the 
ideal considered as a request, and ] it can be created. 

[0051] Moreover, in this invention, when it is going to amend extreme gradation, the 
phenomenon in which an output concentration value does not become the increment in 
monotone to an input picture signal value as shown in drawing 12 may happen. In such a 
case, measures with which gradation curvilinear K5 after amendment serves as an 
increment in monotone are taken. For example, how to make into constant value the 
output concentration value of the section which the concentration value has reversed as 
shown in drawing 13, and to obtain the gradation curve K6, the method of changing the 
section order which the output concentration value reversed as shown in drawing 14 in a 
straight line, and obtaining the gradation curve K7, etc. can be considered. Of course, as 
the approach of a cure, it is not limited to these, and as long as it is the approach of 
correcting gradation curvilinear K5 so that it may become the increment in monotone, 
what kind of approach may be used. 

[0052] Moreover, although amendment of the gradation curve in the case of recording a 
radiation image on an accumulative fluorescent substance sheet, acquiring the picture 
signal with which a radiation image is expressed from this accumulative fluorescent 
substance sheet in the example mentioned above, and performing gradation processing to 
this picture signal was explained You may make it amend the gradation curve in the case 
of performing gradation processing not to the thing limited to this but to the picture signal 
acquired by reading an X-ray picture in the film with which the X-ray picture was recorded. 
Moreover, you may make it amend the gradation curve in the case of performing gradation 
processing to the picture signal acquired by tomography, such as CAT, and the picture 
signal showing the electron microscope image obtained by photography of an electron 
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[Description of Notations] 

1 Basic Gradation Curvilinear Storage Means 

2 Flexible Means 

3 Migration Means 

4 Rotation Means 

5 Weighting Addition Means 

6 Request Gradation Curve 
K1 Basic gradation curve 

K2 Gradation curve expanded and contracted 

K3 Moved gradation curve 

K4 Gradation curve which rotated 

K5 Gradation curve by which weighting addition was carried out 



[Translation done.] 
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